In this work, solid-phase microextraction of six phthalates from methanol and aqueous solutions were carried out. Polar polyacrylate (PA) and non-polar polydimethylsiloxane (PDMS) were used as stationary phases. HyperChem 8.0 software was used for the optimization of the geometry of these six phthalates and their interactions with stationary phases. Extracted samples were analyzed using gas chromatography coupled with mass spectrometry. In the analysis of phthalates extracted from methanol solution, the best extraction efficiency was obtained for the PA phase, whereas for the extraction from aqueous solution, higher efficiency was obtained for the PDMS phase.
INTRODUCTION
Phthalates are generally used as plasticizers, which are organic compounds added to plastics to increase their elasticity. Most often, they are added to plastics together with polyvinyl chloride; however, they can also be found in many utility products. Besides being added to plastics, they can also be used in production of solvents, cosmetic industry (e.g. perfumes, nail enamels, shampoos) and in food packaging foils and toys for children (Sanches Silva et al. 2006) .
The toxicity of phthalates and their hazardous effects on living organisms is an area of intensive research. Laboratory tests carried out on animals showed many negative results, especially on their reproductive functions. However, the knowledge about the effect of phthalates on humans is still limited. Thus, at present, many studies are carried out in this area (Chang-Wen et al. 2009 ).
The most popular methods for extraction of phthalates are liquid-liquid extraction (Sharman et al. 1994 ), solid-phase extraction (Li et al. 2008 ) and solid-phase microextraction (SPME; Kotowska et al. 2006; Su et al. 2010) .
The aim of this work was to verify the ability of two stationary phases for SPME of six phthalates, namely, dimethyl phthalate (DMP), diethyl phthalate (DEP), di-n-butyl phthalate (DBP), benzyl butyl phthalate (BBP), bis(2-ethylhexyl) phthalate (DEHP) and di-n-octyl phthalate (DOP). The effects of interactions between phthalates and stationary phases obtained by molecular modelling were compared with SPME results.
EXPERIMENTAL ANALYSIS 2.1. Materials, Reagents and Equipment
Two fibres (stationary phases) were used for SPME-polydimethylsiloxane (PDMS) and polyacrylate (PA) from Supelco. The standard, also from Supelco, was a 1-ml ampoule containing *Author to whom all correspondence should be addressed. E-mail: dariusz.widel@ujk.edu.pl (D. Wideł). six phthalates diluted in methanol. The concentration of each phthalate was 2000 μg/ml. Methanol (GC grade) was purchased from Chempur (Poland) and Milli-Q water (Millipore Corporation) was used in the preparation of reagents. The analyses were carried out using a gas chromatograph coupled with a mass spectrometer (Clarus 600; PerkinElmer). Phthalates were separated on an Elite-5MS 30 m × 0.25 mm × 0.25 μm capillary column. The flow of helium carrier gas (99.9999% purity) was maintained constant (flow rate 2 ml/minute). Injection port temperature was 250 °C in the split (1:10) mode. The ion source and transfer line temperature were set as 250 °C. The electron ionization was 70 eV. The compounds were separated using the following protocol: 50 °C maintained for 1 minute, then increased at a rate of 25 °C/minute up to 100 °C without stopping, 5 °C/minute up to 300 °C and maintained for 5 minutes. The analysis time was 48 minutes.
SPME PROCEDURE
Extractions were carried out using the SPME syringe and sampling stand with a magnetic stirrer and manual holder from Sigma-Aldrich. Fibres with 85-μm PA and 100-μm PDMS (Sigma-Aldrich) were used for this purpose. Before the analysis the fibres were conditioned in the hot injection port of the chromatograph. Stock solutions containing six phthalates (5 μg/ml of each phthalate in methanol and water) were prepared by diluting the standard solution in suitable solvent. The fibres were then immersed directly into the aqueous or methanol stock solution. The adsorption time was 30 minutes at room temperature, and desorption was accomplished in 2 minutes at 250 °C. The extraction and chromatographic analysis of each phthalate solution were repeated three times.
RESULTS OF SPME-GAS CHROMATOGRAPHY/MASS SPECTROMETRY ANALYSIS
Based on the results of gas chromatography coupled with mass spectrometry (GC-MS) analysis of standard solutions of phthalates in methanol (1, 5, 10, 15, 20, 25 , 50 μg/ml) and the calibration curve obtained, the linearity between peak areas and concentrations was determined in range of 1-25 μg/ml. Regression coefficient of the calibration curve was 0.998. Based on the results of chromatographic analysis of stock solutions, the distribution coefficients of studied phthalates were calculated. Equation (1) was used for calculations and the corresponding results are presented in Table 1 .
( 1) where K fw is the distribution coefficient of the fibre-liquid phase; m w is the mass of compound adsorbed by the stationary phase on the fibre; V f is the film volume of the fibre stationary phase; C 0 is the concentration of compound in the liquid phase.
The values of m w were determined using the calibration curve. The values of V f for PDMS 100 μm and PA 85 μm were 0.612 μl and 0.494 μl, respectively. An exemplary chromatogram is shown in Figure 1 .
The determined values of phthalate distribution coefficients extracted from methanol solution by GC-MS indicated that for all the extracted molecules, the PA stationary phase provided better results. For the extraction of phthalates from aqueous solution, the PDMS stationary phase was found to be suitable for DEP, DBP, BBP, DEHP and DOP. Only DMP was better extracted by the PA phase, but only to a smaller extent. Results presented in Table 1 , concerning extraction of phthalates from aqueous solution, were compared with the PDMS and PA extraction yields reported by Luks-Betlej et al. (2001) . In that study, the best yields were obtained using 100-μm
PDMS and 85-μm PA for DBP and BBP, respectively. For the same two phthalates, the highest values of distribution coefficient were obtained in our work as well.
HyperChem 8.0 CALCULATIONS
The HyperChem 8.0 software was used to optimize the geometry of phthalates molecules extracted as well as their interactions with the stationary phases. The optimizations of geometry of six phthalates molecules were carried out by the semi-empirical quantum chemistry method (self-consistent field with PM3 parameterization). Using this method, the structure of molecule with the lowest energy was obtained. In the same way, we studied the interactions between phthalates, PA and PDMS molecules. From the results, the distances between the oxygen atom of the phthalate carboxylic group and the oxygen atom of the PA and PDMS stationary phases were determined. The results are presented in Table 2 . Figure 1 . Chromatogram of analyzed phthalates from methanol solution, c = 5, μg/ml using the PDMS phase by the SPME-GC-MS method.
CONCLUSIONS
From the values of K ow presented in Table 1 , it can be seen that the phthalates were lined in the order of their polarity: DMP, DEP, DBP, BBP, DEHP and DOP. In the methanol solution, polar phthalates (DMP and DEP) were better adsorbed on the PA stationary phase. For phthalates with the lowest polarity, similar values of K fw were obtained for both PDMS and PA stationary phases.
In the aqueous solution, noticeable differences in K fw values were observed for low-polarity phthalates on the PDMS stationary phase. The PA stationary phase was more suitable for extraction of phthalates from methanol solution, whereas the PDMS stationary phase was more suitable for extraction of phthalates from aqueous solution (except DMP). The distances between the bridge oxygen atom of the phthalate molecule and the oxygen atom (-OH group) of PA structure were smaller (except DBP), approximately 20-45% smaller than the same distances for PDMS. This may be related to interactions between the hydrogen bond of the PA carboxyl group and the bridge oxygen atom of the phthalate molecule. However, distances between the bridge oxygen atoms of PDMS and phthalate molecules are greater because in this case hydrogen interactions are much lower. The influence of solvents for adsorption of phthalates is greater than that of oxygen atoms interactions between phthalate molecules and stationary phases. Thus, it seems that the polarity of solvents is the decisive factor in the adsorption mechanism. 
